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‘With the advent of clystal growth techniques which enable cievicc structure control at ttlc  atomic  level has
arrivcct  a need to determine the crystal structure at a con~mcnsurate  scale. In particukw,  in c})itaxial lattice
mismatched multilaycrs,  it is of prime impomncc  to know [he lattice parameter, and hence. strain, in
individual layers  in order to explain the rlovcl electronic behavior of such structures. in this work higher
~Ord~r  1,aUC 7,0nc (}1017,) ]jncs  in the conver-gent [>c~im  r]~icrc)diffr:~ctic)t]  pattcrl]s from a thcr]nal c]nissic)n
transmission clcmon  microscc)pe.  (’1’l{h4)  have been usr(i to measure ]at[icc p:irametcrs to an accuracy of
a few parts in a thcmsanci  frcm nancmlcter  areas c)f nmtclial.

Althc)ugh the LISe of CWM 10 measure strain using a c{cciicatcci  field cmissic)n scmning  transmissic)n
clcctrc)n microscope has already been cicmonstraleci],  the reror(iin: of the ciiffraction patle.rn  at the
required resolution involves spccialize(i  i]lsttll)]lc]lt:tlio[l. in this work, :] “1’opcon  ()()?13 ‘l’I;.M with a
ther[)liil clnission  sc)urcc w i t h  c(~[lcic[~scr-c}t>jcctivc  (CC)) clc.clrc)n optics is used.  As  nl:iny “1’I{M
manufacturers have a(ioptc(i the CO mcxic as stan(iar(i f’c)r high rcsolutic]n  elcctrc)n microsccq~y, the
technique dcscribc.ci here shmlci be prwticvll in cicwcns of l:~bor:ltoricx  :icross the w(~rl(i withotlt  the nccci
for ac]ciitional  Spccia]imci  cquipm’nt or a nmc Cx]xnsivc  f;cki emission ‘1”1 ;M.

ll}/dc]]~;ig]~ify  il]:gtt~e  elcctro]~sotlrcc  ~lsiT~g,  tt]ccc)l~[ictlsc)  llc]~scs, tt~ct>c::ill~c  `:lll t>cl~l[t(icc:oilclc]]t  an(i a
convergent probe  down tc) ().5nm in ciiamcter cm ix fc)rmc[i  at the s[tmpic. l;igurc  1 shows a cicnsity ,
trace across such a probe. By rccorciing  the deficit llo Iz. lines in the tmnsmitlcci  bc:im, the lattice
parameter of the material through which the bmm has i):lsseci  c:in bc cict~’rl]>i ne(i?. Al [hou:h the clcctrc)n
intensity of such a pattern is much lower than [he intensity frcm a flclcl cmissic)n source,  [he inherently
v e r y  large  signrii-tc)-noise.  r:itio en:iblcs  Icai tilnc  C) bSCIVii[i  OIl of [hc p:l[[crn  via  iill itl]:lg,r ifltensil’icr.  ‘J’he

exposure time is typically a few sccc~ncis,  shc~rt  enough to avc)i(i  spccimcn ~irif[ uncicr the prc)bc. An
acicie(i advantage of the cicl]~:lgl~ific;ttic)l]  c~f the source is the :Ivc)i(i:incc 01’ proiw woi~ble which is
chcrvc[i with fiel(i  emission ciuc.  to instabili[icx  in the SOLII-CC.

Figure 2 shows a cross-section of a III-V quantum wC]] (QW], togcthc.r  with (iii’1’raction patterns anti
m a t c h i n g  hc)17. line. s imulat ions with [he prc)be  positionc’d on the G;LAs substm[c  :Ln(i  lI~,rC;aI .,rAs Q W .
‘1’hc sl]bstratc pattcrm  is Llscxi [0 (ictcrrninc  [hc :wcclcmling vc)ltagc  c)f [hc microscwpc  (which  in general is
not known with sufficient accuracy) by using  the knc)wn lattice p;lr:in]c[er  of G:i As. ‘1’his accclcratin:
vcdtagc, with suitabie  small ciynamical  correct  ic)ns to account fc)r the (ii ffcrcn~>e  ill [hc c!lc’ctron scat[cring
between the two laycrs3, is then use(i in the simul;  ltion of the lIl,TGL1l.,IAS CIIM p;lttci  II. It is assunwci  in
[k simulation that tile QW is epitaxial  c)n ~hc substr;ilc (ils cvicicncc{i  by the lack of n]isfit ciisloc;iticms at
the interface) and that thcrcforc .1, the in content, is ti]c only free ])ar:im(’ler. ~1 good lnatch is obtainui

for an in content of 0.26d ().()1, which corrcsimmis to atl :Ibsolute  :iccur[lcy in ttl~> I:itticc  piiral]lctcr
nlcasurelllcnt  of 8 parts in 1(),( )()().4
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